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Characterization of Phi p 4, a major timothy 
grass (Phleum praten^ allergen 

Sabina Fjscher, MSc> Mpnika GroU, PhD,'' B. Fahlbusch^ PhD,* 
W. D, Mullen MD,* Kraft, MD/ and Rudorf Valenta, lyiD* 

Vienna^ Aitstrla, and MiXmter and Jena^ Germany .- * 

Backgromidi Group 4 grass pollen aUergens represent gfycoproteins with a mokcitfar weight 
of 50 to 60 kd, which are present in niany j^retss jipedes. Ahnost 75% ofpailmfs atki^c to 
gritnii poUen display IgE reactMty to group 4 aUergens; which- hence cm be regarded as frutjor 
.^ss poUen aUergens. . , 

Objective: In this stuffy atiefnpts were made to obtain information regarding the immunohgjic 
properties, locaiization, and occurrence of Phi p 4 and rehxted allergens. 
Methods: Phi p 4 was detected in timothy ^mss poUen exlincls by immmoblaUmg viizh serum 
IgE and monoclonal antibodies and was localised in pdUen 6y immuneiectran microscopy, A 
peptide sequence pom Phi p 4 was. obtained by amino acid sequericing. , The resistance of 
Phi p 4 against trypsin ivot ffmdyzed after trypsin ireaimcnt of timothy gnsss poJim exiracts 
mth serum fgB. and monoclonal antibodies, Cross-reacta^ties between p 4 and Amb a 1, 
the rrtajor aliergen of mgweed, were studied, by using monoclonal antibodies, and by IgE- 
inhibition studies. . \ 

Kesuits; Fhl p 4 was aharaczerized as a ttypstn^resisttint major ibnothy grass pollen allergetL 
By immiuidectron microscopy Phi p 4 was local'aed in the exine, cytoplasm, and amyloplast 
cf timothy grass poliat. Significant sequence similarities of a Phi p 4 20 amino acid peptide 
with Amb a I, the major ragweed aUergen, could be found. The immunologic simHariiy of 
, Phl p 4 andAmB a I Ufos confirmed by cross-reaetfyity of monoclonal antibodi^ and 
.patients* TgE. . . ' . 

Coiiclu^los; Phtp 4 represents a ttypsin-rasistant major timothy grass pofleri ailcrgcn with 
immunology similariiies to iht major ragweed aUetgen Arnh a 1 and therefore must be 
constdertd an important cross-ntactive component iti grass pollen and weed pollen atlergy, 
(J Allergy dirt Immunol I996;98:'l89'98.) ;v : 

words: Grttss pollen allergy, PMp 4, trypsin resistance^ mohocionat antibodies, crms- 
reactivity^ Amb a I, ragweed tdlet^^' polkn^<spec'^ ^rcssion 



Grass pollen allergy^ has a high prevalence in 
Burope, America, arid Austf alia wl^^^ to 70% 
at patiesnts irviLh. type I allcr^ display IgE reaclivity 
to grasa poHen allergens^ Group I, group 2/3, acd 
group 5 grass pollen allergens were . identified as 
major allergens that are present ia mofjt grass 
Species.^ jUmost 95% of patients ailergic to.grass 
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Ai?brevmtiqns itsfid , ... . . 

itiAb: Monodpna] antibody 
PBS: Phpspbate4>ufere4 saline 

SDS-PA.GE: Sodium dodccyjsu]fale-poIyacryl> 
' ^ amide gel clcctrophorcKs 



pollen show IgE specific for group I aUergen^; S0% 
react with group 5 aflergens, and 60%M^iQ% 
display IgE reactivity to group 2/3 grass pollen 
allexgeiK.^ Although these rnajor grass . poU<&n al- 
lergiens are well described aad the correqionilmg 
complementary DKAs have Iweii is6late|l%rid 
expressed in Eschenchia coli as functioua^^eri. 
gens^<soa ii^^i^ |5 i^j^fj^ about group 4 grass poUeri 
aHerg&jis. Group 4 grass poUca allergeBS^ere: 
described as glycoproteins with moiecular weight 

189 



190 f^lscheretaL 




FIG. 1* IqE reactivity of s&ra from patients allergic to grass poflen to nitroceMLiJos&-btotted 
timothy gross poHen eJttract* Sera from 17 patients allergic to grass pollen i^an&s 1 to ?7^were 
probed for fg£ reactivity with RitfCM;eMulosB''bloit&d Umothy grass pollen extract. The aerum 
from a nomallerglc Individual was Included as a control (Jane IB), and In. lane WbuHar instead 
of serum vii^as u£ed (buffer control). Moloculaj- weights are indicated at left. 



of 50 to 60 kd, which are present in different grass 
species (&.g., ryegrass, Bermuda grsL^s, timothy 
grass). According to IgE-lmmunoblatting stud* 
ic5 done. wlrh .tiniotliy grass pollen extract^ to 
75% of patients allergic to grass pollen were found 
to display IgE reactivity to group 4 ali&rgeDS.^. 
Group 4 grass poHen lallergens therefore belong to 
the major gras^ ppilen allergens. On. the other 
hand, IgE adsprptjgn studies done mth-a. coix^I* 
nation of four recombinant tijnaothy grass pollen 
allergens (rPhI p 1, rPhI p 2, rPhl p 5, and 
recombinant timothy grass profilin) have indiciated 
that rather low levels of timothy grass pollen- 
specific IgE sre directed against group 4 and other 
grass pollen allergens J ^ 

' To obtain ijiformation regarding group 4 aller- 
gens, immiinoblot analyses with sera from patients 
allergic to. grass pollen and monoclonal ant{bodx<^ 
(mAbs) specific for Phi p 4'^ were doiie. In addition^ 
^& loca]|bzatipn of p. 4 in timothy grass pollen >vas 
studied by immunelectron microscopy. Digesitlon of. 
timotli^ grass poHen extracts with ttypsin revealed a 
remarkable resistance of Phi p 4 against proteolysis. 
The amino add sequence of a decapeptide derfved 
from PhJ p 4 showed signifiGanc homplog)r >v]th. the 
.major ragweed allergens, Amb a 1 and Ami) a 2.^' 
Immunologic sfanilarify of Phi p 4 and Amb a 1 was 
.demonstrated by cross-reacthdty of Pbl p 4 -specific 
'mAfoft ajid IgB Inhibition studi^^^ 



METHODS 

Alfergen extracts and mAbs 

Timothy grass fPAfcMm pratense) pollen and ragweed 
(Ambrosia tr^da) pollen were pUTcha$ed fronj AUergoii. 
( Vaiinge, Sweden). Two grams of pollen wialj:e^tracteB"tii* 
50 ml of distilled water for ^ houts at room Ifwpekf^iiil 
llie protein extracts were Llien. ccntrifuged 'at 30,o6d;^ 
for 30 minutes at 4**,C, and supens'atants'^re lyDpH?- 
lized and stored at -20" C until nse',^ THie^flaAbsi ^ifi* 
specificity for group 4 al lergeiis were descri^&cii.^^ ' * ' ' 

Characterizatiori of patiertts allergic to grass 
pollen -, 

Sera from nHcrgsc patients were charactenzcd by 
RAST, skin testing, and case history regarding grass 
pollen (timothy ]^ss) and weed pollen (mugwort, rag- 
weed) allergy as previously described.^ In addition^ sera, 
weietested for reacdvity with rccomfainant ticpothy grass"' 
pollen allergens Pbl p i, Pii3 p 2,,and Phl 'p S and l^ircb 
prdiijlin to determine each paiient*5 aUergo|Sjfti.^ ''■) 

Trypsiri digestion of grass pollen e^^acts ' 
Approximately 03 lig of timothy grass, pollen extract 
was dissolved in TOO ml Tiis-bufO&red salmc (50 mmbl/L 
Tris-HQ, 150 mmol/L NaCI, pH 8.^ and digested wiffi' 
10 p.g of tiypsit* (Boehriager, MaiMheSm/ Germany) at '"^ 
37' C for 1 hour. The reaction was slopped by addition 
, of £50 pA of sodium dodec^lsulfate sample buffer^ and 
boiling for 5 mmuUis, 

. ^Fori^ microliters of the rnixture and of a saniple that 
was prepared in the same way without addition of tiypslii 
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were loaded onto a 97o sodium dodecylsulfate-- 
polyacrylamlde g&lP GcJs were clikcr stair^d vnih 
Coomassie Blue (Bio-JRad, RicbmoDcl, Calif.)^'' to visu- 
alize proteins or blotted onto, nllrot^cliulosc^^ for anti- 
body detection. ■ 

Determination of the amino acid sequencB 
of a Phi p 4 p0ptidd : 

Tijnotliy grass pollen extract was separated by prepar- 
ative sodium dodccxlsutfato-polyacrylaniidG gel electro- 
phoresis (SDS'-PApk) with a 9% gel to obtain optima] 
sepsiiation of protete in tihe ;40 to 60 kd joolecaalar 
weight range. Proteins were theri transfened Jto Immo- 
bilon-polyvinylidei^e diflijortdeVmerabra^ (Millipoxe 
Cojp;, Bedford* iP*ass.) by elertroblpttji|g,'? Inpnobiloa 
membranes were itained with Cponrjassic Blue accord- 
ing to the maGufacturer's advice, and the pDs|rioh of 
•group 4 ailergcns was marked". Accordicg to the amino 
acid analysis. 111 pimol of the .protein was subjected to a 
digestion procedure. As controls, a piece of blank poly- 
vinyUdene dWIiJOricJe racmbrane and transferrin were 
digested as welL The Hiembranes wej e iiYcubaced in 100 
fx\ of digest buffer (1% hydrogenated Triton X^lOO, 10% 
CII^CK; 100 mmoVL Tris, pH 8.0) by adding ^ysyl 
endopeptidasc (Boehriuger) to a final concentration of 
12 fi^nil for 24 hoxirs at 3T C After the digestion, the 
sample was separated on a Vydac CIS 2.1 eolumi) 
(Mill tpqre Corp.y Peak 90, wUch on the basil of tKe 
high'pressure liquid chromatography profile appeared 
hoxnogendus, was sequenced by, usmg a Beckmaa Ana- 
Iyj£er'(Beckman InstrumentSj Inc,, Fullcrton, Calif), Tlie 
digcstipif, peptide purification, and sequencing were 
done as a comniercial Service at the W* M, Keclt 
.FoOTdation Bjo<^^ I^boratoiy (New 

Purification of Pbl p 4 by lon-tochange 
chromatography and preparal^ve Westjsrn . 
blotting ' • ■ ■ ' 

Phi p 4 was purified by ionnsxchange chromatography 
as described by Fahlbusch et aL^ and by preparative 
.Western blotUng- For ih'e latter, tiaioihy grass pollen 
extract (0.5 mg^cin gel) was separated by 9% preparaUyc 
SDS-PA(jE^ and blotted oTito mtrocelMosc 
(Schlci^^her &. ScliueH, Dass^^^ 

Inimuiielectroii rnicro^copic tocdljlzatlpn of 
Phi p 4Jn tlmotlby gras^ P^!'?'^ 

Tiraothy grass i>ollen graliis were: exposed to acrolein 
yapoi for 7 days ^it room teinperat\ire, thea fichydratcd 
in dimethotxy^rotian«B absolute ethanoi for 4 hours 
each "and embedded in TjOwiciryl K4M*^ with three 
interrncdiate steps of dhanol-Lowicryl (2:1, 1:1, 1:2) 
between, Tb& terapcratttre was lowered to ~35*€, arid 
polymerization was done by UV Irradiatioo. Ultrathln 
sections were cut and then iacubated on drops of the 
following solutions: (1) 5%. Wine serum albumiit ia 
phosphatc-foufered saUxie (PBS) for 5 ntlnutef^ (2) mAb 
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FiG, 2. Reactivity of Phi p 4'-apec?ric mAbs with n1«r:^c^P . " ' 
iulQSe-blotted timothy grass pdlfen extrset. Three murine ;; 
mAbs specific for Phi p f t/ajfjcf 1, 3C4; forte 2DB; /fli4ff if ^' - 
; BHD were probed wlth^.rjitroceliulose^blotted ti^ 
grass pollen extract, . ; , . .. , 

3C4, diluted 1:160 m rBS, for 2 hours, arid (3) PBS and 
Tri5, j*r^e times (ot 5 niiriutw each, TncubatioR was 
done in a inoiist chamber at room tcmpSersture wM PBS 
(pH 7.4) andTrisbuifcccoosistlng iSf 20 imijol/i;Tns,.20 
mmol/L NaK;i, 225 mmoVL NaQ, and 1% wt/vpl toyins 
serum albunitn (pH 82). In control cxperliiicnts/ the 
Specific primary antibody was replaced by another raAb, _^ 
. . .of iirelevani specificity. Moreover, 'in ' another ■'^ntroi. .J ^ 
experiment, the gold-coupled secondary antib^>^%^^ 
appHed to the sections without prior incubatibB,>!^tb ilje ■ 
primary antibody as deReribcd by Grqte et .a!,"^;t^--.- . 

tmmupphlqitlns snerurn IgE end mi^^''^ 
Pollen extractii (0.5 tng^cm gel) were separal^ Isy ^ 
preparative .12% SD$-PAGE.and bloUed .onto ndtrocel^ 
Moss (Schleicher & Schuell)* Strips of about 5 mm in 
width were cut from the membranes and Inculiated two 
times for 5 minutes and Once for 30 minutes in bulfer A 
(50 mmoVL Napbosphnfe: pH 7J5» 0.5% voWol Tawsen' ' 
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RG. is. Preadsoiptlon of sera wJih a mixture of recombinant Phi p L Phl'p 2, Phi p 5, ^nd bUcfi 
proffJin reduces lc|E binding to nUroce]!ufosa-b1ott*ed ttmothy grass, polleri axtract Sera from 
seven patients aiiergic to grass ppllBn (fanes 1 to 7} were pregclsorbed with a mixture of 
recombinant allergens <A) or vyJth e corrvparable amour>t of a cortirol protein (dog afbumin, 
negattvQ controt; B) and then tncubated with rtttrocallulose-blotted timothy grass poflen extract. 



2D, 0.5% wSVol bovine senam ^Ibuminj 0.05^ wi/voi 
NiaNs)* Nitrocellulose strips were htoubated, witb sera 
£rqin,ailerjgi4i>^tients (diluted 1:10 m buffer A) or vn\k 
yis^^^ojs^^ (dputed 1:5 In buffer A> cSVer- ' 

Bj^r-^f- 4*vi^ Strips were ifien washed as descrif>ed 
previousfy, Bound IgE was detected with 1:10 diliitcd 
iodine' 125-labcied anti-IgE aatibodios (Pharmacia, 
tippsaia, Sweden). Bduxid murine inAbs were detected 
wili a 1-500 dUuted '%-labeled sheep smti-moiise ' 
antleenim (Aoiersham^ Buckingfhanisfcire, U.K.) ox witli 
an alkaline phospbatase-coupled rabbit asiti-tnouse 
antiserum {Dianova, Hamburg, Germaiiy). For the de- 
tection of t]ound radiolabeled auttbndics. f^odak X" 
OMATS; fjtm and Intensifying screws (Kodsik, Heidel- 
berg, 0emany) wc^re used^ ' ^ ; ' 

lg1£ afa^o^f on experiments 

; tjj^''^^f!^pTi% were done as described by Vrtala et 
.aL^ la i»ief,.ie samples from seven patients allergic 
tiinolB>(^5^ pollen were depleted of Phi p I, Phi p 2, 
Phi p' 5, andfl^rofilin'-spedfic TgH by preinciibaJion with 
ID )£g of each recombinant allergen (recombinant birch 
'pral1]in/;yv:hlcli shares nio$t IgB epitopefi with tinioiliy 
g^Tftss proMn^^vas used^} per tniUnker of 1:10 diluted 
Wum. United patuxal Pbl p 4 lyas used for prcadsoq]- 
. tibite at a cojIkcejitratioD of 5 ^£/ml of 1:10 diluted jserum. 
After preincubation, the serum diluilonis were dtinted 
.1:2 and incubated with the blotted extraets, and bound 
1^ was dctcctcdp . " 



RESULTS ► 

Ig^ reactivity of sera from patients an4i*Sic vl^^^^ 
to grass pollen ^-g^^^ 

Fig. 1 shoTO the TgE binding' of sera &g^^||^3 
patcents allergic to grass pollen to altfocelM^^ft J- 
blotted timothy grass pollen extract. All js^tienj^''^ 
sera showed IgE reactivity to prot&ins of approxJ- 
: mately 30 kd, which contain groiip I and group 5 
allergens; 16 sera showed reactivity to proteiiri? of 
lOto 14kd,whicfcrepresentgr6up2?3 and timothy" - 
grass profiling and three sera displayed r(=actlyiQf to 1 . 
proteins of about 8 kd^ which may represent calcif^^^^ 
um-bindtng allergens from timothy grass,^ JPi>u3t- ' . 
: teen sera bouad to proteins of approrina^telyl^^v^ 
• led, which may represent group 6 aUergcin^^^^ri;'^^^ 
cleavage products of i^oup 5 a]lergens/FotS||^'r:!f 
" sera reapted wi^ prpteitis ranging firom 4^!l'^|^/^!)£;l 
■Icd^ Which wore describjed;as group 4.E^1l!^rge1B^|^i^|| 
According to tlie percentage of sera that r^dt^^^ 
with 60 id protdns in Fig, 1 <82%) ^mdi in pri^p|g:^ 
studies done with 98 sera (75%),' group 4 alletgeriF''^-:! 
may be considered major grass pollen allergens. 
The typing witb recombinant allergens (see Meth- 
ods) showed that the serum from patient 1 con-^ 
tained no IgE specific fbr Phi p 1, PM p 2, and* 
Phi p 5. The band £tt 14 kd is duet to a reactivi^ 
with timothy grass pollen profflJn. 
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FIG* 4. ImmuneiBCtron mJcroccopic localization of Phi p 4 in timotby grass pcilleriJ Ultirathln 
sections of timothy grass pollen grains after postern bedding 1abelfi>j5 with primary antTbodies 
and gold coniugated secpndairy a.attb^ A.PV^!^, Sections w^re rncubaW with monoclonal 
anti*Phl p 4 anUbody 3C4* : A btnclJng aita^ war© found within ihe e^tine p^it of .the 

pollen waH (elightly tangorttlaUy cut) and in the cytoplaamfc matrlK/S^ Phi p 4 is localized 
between tbe P-partictee and within .the amyloplaats, C arid An Bntibody with inrelevant 
specificity was vised'.as a cpntrol The cell welJ tcrosa section) and the cytoplasm showad s few 
non3P^«i**i<5fi'IV aiisfarbed gold particles. Bar represents 0.2 yLm. A Amyloplast; £; axTna; Mm; 
M, inKochondrlon; P, poiysacchandB particle. {Original magnrficatlon xBO^OOO,) 
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dilutions, tlie binding to group 4 allergens was 
akeady very weak compared wath the strong bind- . 
Ing to group 1 and group 5 allergens, indicating 
that low levels of limotlhy grass pollcri-spedfrc IgE 
are directed against. Phi p 4 ^hd aJfetgins <itb^^^ 



JLat:59 

FlQ. 5. Seqijencs iiSfnpariSDn of ei dacapaptlde sequence 
of Phi p 4 with hbmolcgous peptides from tha major . 
. ragweed aUergen Anrib a '\ and poUan-specifia protatnG. A 
dscapaptide se^iilfffce .bfc^ta^^^^ Phi p 4 was com- ' . 

pared with l;itpWn'''pr£>t^^^^ frpni the msjor 

ragv^^ed allergens Anib a 1,andAmb a 2^ a potian-speclfic 
protein from , 
from to«naio-;{i§|^^^^^^^ ^rid a (>all6n-si>ac11Tp toMcco ' 
protsm ilGldl^^id^n^^ acid re^iidtiea are Indidstfd 

by a cfa^K tJi^VamlSb acfd m ^sition X of the PijI p 4 ■ 
peptide CQUfd not fee date^^ 

Murine in|^s -l^^^ripjor Phi p 4 d6tect V";&^':' 
proteins weight in 

Three ftifferent murine niAbs specific for Phi p 4 
(3C4, IDS, 5Hi) werte tested for feactmty to 
nitrocellulose-btpltted ito pollen extract^ 

as shown in i^l t;hfee in Abs Jbound^ s^^ 

to a protein of about ;^j55A to 6^ Additional , 
binding to proteins of 69 kd and^^^ 3Q^nd 40 

kd was ot)ser^ 3 ; 

demonstratedj liapSs^ 
The binding paft^ni thsit was ^^^p^ 
Phi p 4-specific.rnAt)$.w'as..v^ 

which did Kwi|^cpnia^ 




than tho^ of.jg3roups I and 5, . ^. . . ..v^., j . 

Uralizatlor * ^^^u.. 

polleti by i 

Alter mcubationprtunpm^ : 
wifli the mAfoT|Ci|;'Mf p 4 was^fi?rad(^^^ 
wall and in tlie iinieri^ of ttie i^^in 43" 
B), Xn the poHen wall* it wa5 piedojii^^ ' 
cxine part with its bacul^r cavities tJi^t was deco- 
rated with gold particles (Fig. 4, the <^a-, 
pla^tiiLC iiiterior of the grain, anii bocUes to group 4 
allergen bound ito the mnylppi?ists and the cyto^ 
plasinic rn^^^^^ ^ previousiy dbtii^nlfr^ jFo|" = 
group 5 allergensJ*r^^ ttere vva^^^ ^p^Mc lal^el- J-!" 
ing of the nniherdus " polysaciferiye 





Phi p 2, arid'mpS 



reduction of IgiE i>inidiri^ to nltr;^c^ 
bloiited timothy grass . 

.Fig, 3 shows thc ;igE bin^^ of seven sera to 
nitroceiluloscrblotted tirhoihy grass pollen extract 
after adsoipticn with a.conibtnation of recombi- 
nant Phi p 1, Phi p 2, Phi p S» and birch profUin 
(Fig. %A) and withpiit prcadspiptipn (Fig. 3, B). 
The weak IgE binding to group 4 allergens at 55 to 
60 kd (lanes^ 3, 4, 6^ and 7) was not significantly 
afe«:ted by ihe^^l^^^ whereas strong i^- 

dudtion of ihe,' binding to group I and ,5 
allergens at 30 kdj was observ^eid. At 1:20 serum 



gotd-coupled secondary antibody alone .Iikeyvis^ 
jdelded a snpall number of Ti6nspci:fficaU^ bound' * 
gold pailM^ (da^ not shown). ; 

A peptide iteriy^^^ p 4 showeid 

: ^ignthcapt se^^ w!lth the 

7 A decap sequcippe 6ri^ 4*^hich was 1^ ; 

obtained by amino iciil jseqijehcing^ cquld'be coni-; ^v:^^ 
spared with the : Na^ jional v 
: information's datijbas^is':(i.^ 't^ptem^llpfen 
■•tibn .kosource, Gerip'6ptV:an4 Sw}s?;te 
.•bases). Ftg* .5.shpw^:signi^ca^ 
rties'of the 1^1^^ 'i*;)^^^ 

Amb a 2),^^ ^? Additional ^[ 
:with..ppllcn-specihp^ , ' 

b^cco ppilj^n (Gi P).^^ The peptid w w Ipcaled 
at comparable portions in the mature proteins/ * ■ 
and alt homologous proteins had a comparable 
mbleeular weight and Were desjcribed to be ho- ' . . 
mqlogOMs to pectale Jyi^seS; from 
gen Envbiia?* Ail Amb a 1 homoiogonji proteins ..■ 
were reported to be highly expressed in pollen* ; 
tissue and occurred iif moitoc6t p!arft?*(inaize), 
as well as in dicbt planes (ragweed^ tomato/ and 
" tobacco)* \ ' 
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na, 6:A,Coomasste BtMe-stained SDS-PAGH containing trypsin digested snd untrefttediimothy 
grass pollen extrat^t. Timothy grass pollan extract was digested wJth trypsin f-f) or untreated (-) 
and sepamted by 9% SD5-FAGE. Th^ gel was then stained whh Coomasaie Blue to visualize 
proteins. Arrow Indicates the positfon of a B5 to fiO ltd trypsin resistant protein, and asterisk 
Indicates trypsin. IgE reactivity of sera from patients allergic to grass jsclfen with trypsin- 
djge^tBd and untreated timothy ^ress pollen ektriict Sana from two patlertts < 1 and 2) warn used 
10 detect nitrocellulbsB-blotted timothy grass pollari extract, wWch vvas digested with trypsin (+) 
■ or which had boon untreated ('-Jl 



Phi p 4 rspreserits a tfypsm^rftsi^^^ 

9llersreri ■ ' • \- ■ ■' .- 

';^iflfi*cultic« in ob,t^i^-kii®^ent amountls of tryp- 
^li^'p^Utkss of FhlpS^^^tmiio ^add sequencing' 
incficated trypsin resSlai^ oJ? td p 4, as observed for 
Art V 1*^^ To dete)7niTie^^tether Phi p 4 might 
represent a trypsin-reS^t aH^en. timothy grass 
fioIleH extract -was dieted with tiypsin aisd pTot?cd 
with sera from patients allergic to grass polleti. The 
Cbomassie Btuc-stained. SDS-FAGE in Fig. 6, ^, 
shows^ that a^ter cleavage of riinothy grass pollen 
extract with tiypsbi, only one pipmineht band of 
about 55 to 60 kd Tentaiiied undigested The addi- 
tional band at 25 kd jreprcsented trypsin (indicated 
with an asterisk in Fig; i5,yi)- Fig. 6, shews the IgB 
reaqtiviiy of sera Jfeom two patients witii tryp«^*?^^^ 
and untreated Hrnothy gite pollen extract. P$iti?:nt 1 
had IgE antibodies s^^p for-PW p 4 and profiiin. 
Trypsin digestion oJSiimprfiy grass pollen extract 
abolished IgE bincHiig W'libf^ at 14 kd, vrfi&reas 
XgB binding to PM p 4 at 55 to 60 kd was sm 
deserved. In the case of jpattient 2 Tvhp displayed IgE 



leactmty against Phi p U p 2, Phi p 4, and Phi p 
5, the IgE binding to group 1, 2, and S alleigens^was 




able. Similar e^serimenfs w6rc doQ^ \rfth : 15^^ ^ 
spedflc for Fill p 1, Pbl p 5, and Phi p 4; the oiitcoime 
indicated that b opntrast to tlie other allergens, Phi jpf 
4 represented a tiypan-rcsistant allergen {data not 
.shown), -V ■ ■••^ : ' 

Phi p 4 1$ imniuriolpgioajh relate^l to the 
Amb a 1/2 family of major ragWcaed = 

.dtergenis'.. /.^"".i.: ^ 

Possible immunologic simOaiities of Phi p 4.aiid 
Amb a 1 were investigated with mAbs and IgE- 
adsorption studies^ In a first expeSdttnent it was 
demonstrated, that two of three Pht p 4-spbdSc 

. murine , mAbs crpjsws-teacied ^ith pjhoteins;;>:i^ sl 
corhparable molecatar eSi i^^eed p^^ 

' extriact(Fig. 7). )fecsais'6 proteins^ 
sequences homology to Amb! a 1 were aisb ife^' 
,«cribed to be present in make pollen, cross-'iestC* 
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1=1(3. 7rfer£>s^'f^fcMr«ity^^^ 'mAbs'wHh 
■ ragweed poiren •'^0>JE'&act/ thiTeia murine mAbs spacific for" 
Phi p Ar Uane 1 2D8; fane 2, 3C4; lanB 3fBH^) were pit^bed 
With mtroce!Eu}Q5e^bJott.ed/89weed polten e?ctra.rt, -. 

tivity of the Phi p 4'^pecific mAbs was testdd with 
nitroceila!ose*blotted maize polien extract; the 
outcome indicated that t^^ inAbs 2P8 and 5H1 
bound to iS&jio?i^-p^k>tem of corresponding molec- 
ular weight (data jipt sho^ It is hence Ipccfy thai 
Phi p 4, Amb a^l.^ itiid their homologotis proteins in 
m^ize. iZm$W *{0 perhaps tomato (Iat59) rnay 
represent afa^ilyj-pf cross-tc p!^^'^ allergens. 
. To further ^§vi%Eantiatc tlie tamnnoioglc rela- 
tionship .of 1^0;:]^'^ aij^^ Amb a I, XgB inhibittpn, 
CTperimeiiS! wfe^^^ from patients 

witii gra^s and wcSd pollen allergy. Tlie prcseiice 
of common IgE epitopes v^as investigated by nisin^ 
Phi p 4, which had been purified by chromatogra- 
phy or by preparative. Western blotting* Fig. 8 
shows that preincubation of sera fromtwo'patieiits 
with purified Phi p 4 substantially reduced IgE 
binding to proteins of 55 to 60 kd (patient I) and to 
proteins of alwiit 30 Ted (patient 2) in ragweed 
' poUenv whereas preincubation , with an unrelated 
. allergen, dog aibuinin (negalhre control V* did not 
aS^qt l^el^% bind^^^ inhibition of IgC 

binding to B^eed pollen extract wai? observed 
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FiG.a. inhaaitipn of |>atlen1s' IgE bindrng to nltroceMUIos^'- 
t^otted rsgwsed pc^n extract wtth purUied Ftil p 4* Sera 
from two patienu^'alfei^ic to. grass polten {1 and 2) were 
preadsorbed with puriRed Fhi p A ffmoA) or dog albumm 
(fffn0 B) arid thef> Incubated with nitroceSlulose-blottod 
ragwead pollen extract. ■ - • • . 

wfien the same sera were preadsoxbed with' Phi p 4] ' 
wliicb had beeri isolated by preparative Western 
biotdng (data not shown). ■ • ' ^-'^l^ri 

Discussipisj ■ • '•: I ' , ' .'.^l^ 

Grass polien allergens belong to the most potiiixj' 
. elicitoTJS of type: I allergy, in Eiir6 jie; j^in^ricai^'Sfi^^ ^ '^5; 
Australia. The' niajor ' i«i^i<^w.-^An^':ii^«^ • ^r^^->r;vKt 



scnbed as group 1, 2/3, and 5 aUisitffeAsH^fiiv^^fieeff^^ 
well characterized by protein and iniTiinnobhcmical 
tcchfllqnes and can be produced as functional recom- 
binant ai lergens in R cqli. Much less is known about 
group4 dilergens, which occur as 5f) to 60 led proteins 
in different grass species and represent targets ifor 
igE antibodies of up to 75% of padehts allergic to 
grass pollen.^ So fekr, studies have only described the 
presence of group 4 allergens in diferent grasses.'^'* \ 
When Phi. p 4 was used as ^ repreSfentatiVe ; 
allergen, the characteri2;ation of group 4 allefgVns - 
was extended by proteinchemlcal^ imrnu^o^henii- 
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cal, and immunohistologic techniques. This study 
reveals a. r&raarkable resistance of Phi p 4 against 
trypsin digestion an as yet unknomi immuno- 
logic similarity of this allergen with the Amb a 1/2 
major ragweed allergen family* The identiiBcation 
of Phi p 4 as a cross-reactive allergen \n grasses rad 
weeds miglit explain clbical symptoms of padenus 
vitb gras$ pollen allergy nn contact with weeds. In 
fact, ^lU those patients whose sera reacted with 
group 4 allergens in the imTiionoblot shown in Fig. 
1 had a positive case history, skin reaction^ and 
serology test result indicative of weed poUen allergy. 

On the one hand, rgE-immunoblotting esqperi- 
ments indicated thn't the 50 to 60 kci band, prcswin- 
ably representing Phi p 4, is recognized by the 
inajoriiy of sera from patients with grass pollen 
allergy. On the other hand, IgB-mhibition experi- 
ments showed that rather low amounts of grass 
pon&n-~specific IgE antibodies reacted with Phi p 4 
and allergens other than FhC p 1,* Fhl p 2,^ 
Phi p 5,*^ or profiHn/r 

The rather low capacity of Phi p 4 to mount IgE 
responses Is not due to the presence of low 
amounts of this allergen in grass pollen. Coomassie 
Blue staining of timothy grass poUeri extracts iden- 
tified Phi p 4 as at> abundant protein. When 
immurielectron microscopy was used, dense Iabei> 
ing of Phi p 4 was foiind in the pollen grain 
sections. The allergen was Jocalized in the cyto- 
plasm previously demonstrated for group 1 
alieigcns, but tlie majority of the allergen was 
detected in the amylopiast as demonstrated for 
groxjp 5 allergens,^. Additipnai .i^tai^i^^^^ 
served in the inher'part of the.exine, . ■■ 

A significant sequence homoiogy of a Phi p 4 
decapeptide sequence and the major allergen fam- 
ily of ragweed, Amb a l/2,^°; ^Vwas foun<3. :Homo^^ 
ogies spanning ^the complete seqvienc^^^ the' /unb 
■ a i/2 allergen famjly have a1rejady i>een' d 
for a nuntber of pollen-sp&cific jproteins from 
tobacco,^^ tomato,^^ and mause.^^ Tlie peptides 
displaying sequence simiiaritiejs wilh the Phi p 4 
peptide were located at correspon^ding 
the protebsV and all hbmolpgdn proteins h^d a 
comparable molecular weight of 50 to 60 kd, which 
corresponds to the molecular weight observed for 
Phi p 4 in SDS^PAGE, Recently, the complete 
cDNA arid deduced amino acid segiience of 
Cry j 1, the major allergen ^^^^fr^ 
pollen, was shown to be 'highly . iom^^ the, 
.Amb a, 1/2 ragweed allergen family," .: 

Despite these hinnerotifs reports describing se- 
quence similarities of the Amb a 1/2 major allergen 
family with pollen-specific proteins and the niiajbr 
allergen of Japanese cedar pollen. Cry } 1, it is not 



known whether these jueqiience stmnarities may be 
responsible fox imrnnnologic crqss-reactivitics* Us- 
ing Phi p 4 -specific ntAhs and IgE-inhibitlon 
experiments, wo attempted to detennine whether 
Phi p 4 might be immunologtcally related lo the 
Amb a 1/2 allergens/Cross-reactivity of the mAbs 
with ragweed pollen extract, a$ well as IgE inhibi- 
tion studies with Fhl p 4, proved the pres>ence of 
connrion epitopes. 

Experiments showing thai Phi p 4 represoiled a 
trypsih-resistant protein are of interest because they 
indicate that protease-r^istant IgE epitopes are not 
exdosively due to carbohytirate moieties but can also 
be fotxaed by the protein backbone of an aHergen. 
This h of relevance in. Taew of previoos studies 
describing pfotease-resistant cross-reactive, cc^npo- 
nents in pollen and vegetable fpods.^* It is therefore 
not uTi likely that Phi p 4 and Amb a 1/2 homologous 
allergens constitute a family of cro<iS-reactive plant 
allergens as described previously fe>r profilihs?''^^ 
Tlie presence of common JgE epitopes of Phi p 4 
with ragweed allergens niay provide aff explanation 
for the clinical observation thai patients aUergJc to 
grass pollen frequently also have allergy to \yeed 
poUen. ^ ' I ' . 

We thank Dr. Joseph P, Mascarenhas for valifable 
discQsdons. ' .• 
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The high molecular mass allergen fraction of timothy grass 
pollen (Phleum pratense) between 50-60 kDa is comprised of 
two major allergens: Phi p 4 and Phi p 13 

SUCK, S. HAGEN, O, CROMWELL and H, FIEBIG ' - - ^ 

j RD. OX:. 7r9.w / \ 

Alkrgopharma Joachim Gcuizer KG, Reinbek, Genrumy | ^ ^ ^ f}fo% ' ^ ^ ^ 



Summary ' " — " - 

Background More than 70% of the patients idiergic to gras:? pollen exhibit IgB-reactivity 
against die Iiigh molecular mass fraction between 50 and 60 kDa of timothy grass pollen 
extracts. One allergen fvoxn this fraction is Phi p 4 that has been described as a basic 
glycoprotein. A new 55/60 kDa allergen. Pbl p 13, has recently been purified and 
characterized at the cDNA level. 

Objective The relative importance of the two high molectiJar mass allergens has been 
characterized with respect to their TgH-binding frequejicy and capacity. 
Methods Both high molecular mass allergens were biochemically purified and sobjected 
to nitrocellulose strips. About 306 sera obtained from subjects allergic to grass pollens were 
used to deterxnine specific IgE-binding frequency to Phi p 4 and Phi p 13. IgE-binding of 
allergens was quantiiied by ELISA measurements. Pre-adsorption of sera with purified 
allergens and subsequent incubation of nitrocellulose-blotted timothy grass pollen extract 
was performed to determine whether or not Phi p 4 and Phi p 13 repre.sent the whole high 
molecular mass allergen fraction. Proteolytic stability of both allergens was investigated by 
addition of protease Glu-C. 

Residis More than 50% of 300 patients displayed TgE-binding with both allergens. Clear 
differences concerning the immunological properties of Phi p 4 and Phi p 13 were confirmed 
by individual IgB reactivities. Quantification of specific ]gE for both allergens revealed 
comparable values. For complete inhibiton of IgE-binding in the high molecular mass range 
preincubation of sera with both allergens was necessary, Interestingiy, inhibition of strong 
reacting sera with Phi p 13 eliminated not only reactivity of the 55/60 kDa double band, but 
in addition a ^background smear*. Whi!st undenatured Pill p 4 was resistent to proteolytic 
digestion with Glii-C, native Ph! p 13 was degraded rapidly. 

Conclusion Phi p 4 and Phi p 13 are inummologicaliy different and must both he 
\ considered as major allergens. They are judged to be imporUmt candidates for potential 

recombinant therapeutics that may provide a basis for improved immunotherapy. 

Keywords: Phleum pratense, timothy grass pollen, Phi p 4, Phi p 13, major allergen 

Clinical and Experiniental Allergy, Vol. 30, pp. 1 395-- 1402. Submitted, 8 November 1 999; 
revised 30 l^cember 1999; accepted 25 January 2C^^^ 

the major allergens Phi p 1 [1] and Phi p 5 [2]. These 
Introduction • allergens exhibit molecular masses between 25 and 35 IcDa. 

TUiiothy grass pollen extracts are complex mixtures con- In addition^ smaller timothy grass pollen allergens with 
taining various allergenic components. Various allergens of molecular masses around 12 kDa have been investigated at 
Phleum pratense have been described in detail, including the sequence level, for instance Phi p 2 [3j and Phi p 6 [4]. In 

contrast, little is known about the allergens with molecular 

„ ^ , , ^, , . . ifn sizes between 50 and 60 kDa, although 75% of grass allergic 

Corresponde^ice: Dv Rolaml Suck, Allbrgopharma Joachtm Gan-zttr KG, £*j/.t.E> uwLwv.v,ii . 4 r & . . ,t_ 

H(jfnionn-K5nier-SiFiia«;32. D.21465 RcUibck,Gennhi)y. " patients produce IgE specifically directed agiunst these 
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componcjnis L^j. One componeat designated as Phi p 4 has 
been ciescribed as a basic glycoprotein with £i molecular 
mass of 55KDa [6,71. Monoclonal antibodies diiecied 
against thia allergen have been generated [6], thus faciiitat- 
uig its detection and quaniidcation f8]. Group 4 allergens 
were first described in Loliiun perenne |9l and also cliar- 
actenzed in other grass .species^ such a« and Dacr)4ls 
lllomerata [lOJ. The high molecular mass aHergen BG-60 
Irom Cynodon chtctyUm shares at ieast f^r/.t and isoelectric 
y)oint with group 4 f H I. Leduc-Brodard vt ciL I lOJ have used 
inAb« to demonstrate croHs-reactivity between group 4 
allergesis from variouK sources. 

Recently, another timothy pollen allergen with a similar 
molecular size as Phi p 4 has been purified 112] and 
characterized at the cDNA level (BMBL accession no. 
A.T23B84B}. Since this new allergen, designated Phi p 13, 
exibned different biochemical propeities compared with Phi 
p 4, i£ was asfiumed thai at lea<;t two different groups of 
allergens are present in the high moiecutar mass fraction of 
timothy grass pollen extract. 

In order to estimate the importance of both high mole- 
cular allergens, they were purilied, subjected to ininiuno- 
hlotting and analysed with 306 different sera derived 
from subjects allergic to gJ*ass pollens. Specific IgB wais 
detennined to evaluate of the binding capacities of each 
allergen. Investigations were also conducted to determine 
whether these two allergens alone were enable to effect 
complete inhibition of TgE-binding in the high molecular 
ma^is range. 

Materials; and methods 

Purificaiion of thnofhy grass pollen aUergem 

The purification of Phi p K group 2/3 and Phi p 13 was 
performed as described previously fl2]. Brielly, a timothy 
grass pollen extract wa,s separated by hydrophobic inter- 
action chromatography (HIC) using phenyl sei:)harosc 
HP (Pharmacia Biotech, Freiburg, Germany). The flow- 
liirough fraction was subsequentcly concentrated with uUra- 
filtration devices Centriprep-10 (Millipoi^, Eschborn, 
Germany ). Proteins of the HowHhrough fraction were fmally 
purified using geS filtration with Supertlex 75 (Phamuicia 
Biotech). 

Phi p 4 was purified according to the procedures of 
Haavik et al L6J and Fischer et at. [7] with some modifica- 
tions. A timothy grass pollen extract obtained from 5g 
pollejis was subjected to G-25 gel likration in phosphate 
buffer (20 mM, pH 7.0). The first peak was collected and 
applied to a 16/10 cation exchange column packed with 
Source 30S (Phannacia Biotech) equilibrated with phos- 
phate buffer, Hiution of bound proteins was achieved using 
running buflxir supplemented with 1 m NaCL In order to 
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remove trace amounts of Phi p 13, cluted proteins were 
subsequently adjusted to 20mM Tris--HCl pHS.O, iM 
(NH4)aSO.i and subjected to hydrophic interaction chroma- 
tography. After elation of Phi p 4 with distilled water, iinal 
purification waft performed using size exclusion chromato- 
graphy with Superdex 75. 

SDS-PACE am! mwtwiohhuing 

Proteins were sei>arated by SDS-PAGB (l20xS0x0.Rmm) 
with the buffer system of Laenimli [13]. After eleclro- 
phoresis, proteins were trunsferje<l onto a supported nitro- 
cellulose membrane (Sartorius, Gottingcn, Germany) by 
scmidry blotting for 30min at 2 mA/cnr. Imniobiiized 
proteins were either stained using india ink (Pelikan, Hanii- 
over, Germany) and afterwards AuroDye (Janssen Biochi- 
mica, Beerse, Belgium) [14] or incubated with mAbs or 
serum, 

Lt order to screen multiple purified allergens with sera 
derived from allergic subjects, a Miniblot MN45 apparatus 
(Biometra, G5ttingen, Germany) was used to apply aller- 
gens onto nitrocellulose membranes. Purified aliergens 
(OA ^tg/^U. which were dissolved in 20 mM NaOH. were 
applied to the conduits of the apparatus and incubated for 
30min, After washing the conduits with distilled water, the 
membranes were blocked using Tris-buffered saline with 
0.05% (v/v) Tween 20. For immunodetection, strips from 
the membranes (allergen strips) were incubated with sera or 
mAbs overnight. 

Immunodetection iirtd inhibition experimenls 

Prior to immunodetection, membranes were blocked by 
treatment for 30.min with Tris-buftered saline (TBS, 
pH7,4) supplemented with 0.05% Tween 20. Incubation 
with 1 : 20 diluted sera derived form allergic subjects or 
mAbs was carried out overnight. Identification of Phi p 4 
was perfonned using monoclonal antibodies 5H1 and 3C4 
[7], of group I allergens by mab 9C12 [15] and group 5 
allergens using mab lDnC8 [16,17]. After washing, bound 
antibodies were detected with alkaline phosphata.se conju- 
gated monoclonal mouse antihuman Igli (Allergopharma* 
Reinbek, Germany) or goat imtimouse IgG/M with alkaline 
phosphatase (Dianova, Hamburg, Germany). Tlie binding 
patterns were visualized by a .substrate solution consisting 
of NBT/BCIP (Life Technologies) in lOOniM Tris--HCl- 
buffered saline solution (pH9,5), 

Inhibition experiinents were conducted by adding 75 ng 
allergen per ptL undiluted serum. After Incubation for 
30min under gentle agitation, sera were diluted 1 : 20 in 
TBST and subsequently used for probing of nitrocellulose 
blotstrips carrying timothy grass pollen extract separated in 
a i2,5%SDS-PAGE. 
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Dcnennimiilon of aliers^en-specijtc IgE 

Allergisn-specific IgE ievels were determined by BAST 
measurements with specific '3gE ETJSA RV kit (Aller- 
gophiirma, Relnbek, Gerjnany) containing alkatiiie phos- 
phatase ccMiJagated mojioclonal iiionse anlihuman TgE 
antibodies. Experimental allei'gcn discs currying purified 
nllergens were prepured according to the method of Ceiika 
aL in order to determine a vaUie of kU/L reference 
sera and discs, which were inchidcd in the kit. were used to 
generate a standard curve. ResiiJts are displayed as means of 
du pi icate determi nations. 

Proteolytic dlgesUon ofpunfwd aller^em 

Lyophilixed proteijvs were reconi^ti luted in 25 niM 
Na2HP04, pH 7.3 at a conceiitratian of 0,5 mg/mL. Proteo- 
lysis was performed by the addition of 0,25 /^g Olii-C 
sequencing grade (Promega, Heidelberg, Gernnitny) \o5p.^ 
allergen and subsequent incubjilion at 37**C for 2h. The 
reactions were stopped by addition of reducing .sodium 
dodecyisuiphate sample buffer and boiling for 5min 

Tn'order to investigate the relevance of the high moleculer 
weight allergen group between 50000 and 60 000 of 
timothy grass pollens, the two known members Phi p 4 
and Phi p 13 were biochemically purified, Phi p 4 was 
purified on the basis of its basic pi by ion exchange 
chromatography, whilst Pill p 13 was obtained after hydro- 
phobic' interact ion chromatography in the flow-lhrough 
fraction. In addition, Ilil p 1 and group Phi p 2/3 were 
purified for control purposes. SDS-PAGE separation 
demonstrated ihat the allergens were purified lo near homo- 
geneity (Fig. 1). 

After applying a timothy grass pollen extract and purified 
•.allergens onto nitrocellulose membranes, stiips were incu- 
•'^ bated with sera derived from patients allergic lo gntss 
pollens and developed with mouse anti human-lgE mAb 
conjugated with alkaline phosphatase (Fig. 2). I'or the 
application of allergens different solutions were investi- 
gated, such as Tris-buffered saline and 20 mM NaOH. In 
both cases identical result-i were obtained regarding IgE- 
reaction patterns, but it was found that most efficient 
binding of allergens and consequently enhanced immuno- 
Kiaining occurred by using NaOH (data not showji). 

Hunian scrum albumin (HSA) was used as a negative 
conlrok Interestingly, the patients' sera revealed highly 
diflbrentiated reaction patterns. In each case IgE-blnding 
was observed with the tiniolhy grass pollen extract, whereas 
reaction with purihed allergens varied in nearly every 
possible combination. In the cases of the high molecular 
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Fig- 1.* 0-)0inassie»-staini5d SDS-PAGE of purified allergens f>how- 
ing separated moleculaj' weight marker (M), timothy ^rass polkn 
extract {!), Phi p 4 (2), Phi p 13 (3), Phi p 1 (4) and gmup Phi p 2/3 
C5). 



mass aHergens Phi p 4 and Phi p 13, IgE-binding was 
detected either for none, one or for both proteins, showing 
clear differences at the polyclonal IgE-levek The allergens 
are clearly imnumologically distinct. Table 1 contains the 
XgE-reactivity of 306 sera investigated by allergen strips. 
Since the i-dlergens exhibited more than 50% IgE-binding, 
they all meet the requirements for classilication as major 
allergens, though the value for the high molecular mass 
allergens Phi p 4 and Plil p 1 3 was found to be only slightly 
above this arbitriury level. As expected. Phi p 1 displayed the 
highest TgH-binding frequency of about 95% [191. Tlie 
Ixequency obtaitied for group 2/3 also correlates with 
those reported in literature [20,21]. 

■ Allergen-specific IgB from eight seni was determined and 
a sufficient correlation between immunostaining of allergen 
strips and ELISA quantification was found throughout 

<Fig.3). \ ■' \, 

Serum IgE for Phi p 4 was determined m the range of 
03-15.5 kU/l, wl>ei-eas jjpeciric IgH for Phi p 13 varied 



Table 1. IgE-binding frequency of purified liitiothy grass pollen 
allergens 



Allergen 


IgE-rcactive xera 
^ (n = 306) 


% of sera lesttjd 


Phi p4 


: -170 


• .55.6 


Phi p 13 


154 


'■ ■■ 503 


Phi p 1 


-: • .293 


• 95.B 


Phi p 2/3 


, IS3 


59.8 



i-1402 



1 398 



/e. Suck cl i-tl. 




25 30 35 40 45 50 55 



PRE 
HSA 

Phf p4 

Phi p 13 
Phi p 1 
Pht p 2/3 




Fig. 2. Detection af allergert-specific IgH from patients allergic la grass pollens. Strips of a niti'ocellulosc membrane carrying timothy grass 
poUeii cxiraci (PPE)» human scrom albumin (HSA), ?hl p 4. Phi p 13, Phi p 1 and group Phi p 2/3 were either iBCubated with niabs 
(1 ,2 = specific for group 4; 3 ==s specific for group U 4 = specific for group 5) or sera ( i -56). 



between 0,5 and 17.5 kU/J, which represents the upper limit. 
Regarding Phi p 13, ia some cases the staining of the 
allergen was very feint or absetit whilst tlie amount of 
sjpecific TgE detect e.d by the ELISA ..system revealed 
relatively high values, as: for sera 52 ajxi 48. If aJlowance 
is made for this observation then the percentage of 
sera recognized as reading with PhJ p 13 would even be 
higher. 

In order to determine if Phi p 4 and Phi p 13 together 
accounl for the whole high molecular muss allergen frac- 
tion, inhibition experiments were periormed. A serum pre- 
viously investigated by allergen strip analysis (Fig. 2, no. 
47) was pre~adsorbcd with either Phi p 4 (Fig. 4, lane 2), Phi 
p 13 (lane 3) or both allergens (lane 4) and applied to blot 
strips cari-ying separated timothy grass pollen extract. Coin- 
pared with the IgE reaction patterns without pre-adiiorption 
(Pig* 4, lane I) inhibition with Phi p 4 led to disappearance 
of a strongly reacting band corresponding to the protein 
detected by the Phi p 4 specific mab 3C4 (Ftg. 4, lane 5). 
The intensity of the other bands detected including Phi p J 
and Phi p5 remained unaltered. In coniras?, inhibition of the 
sera with Phi p 13 resulted not only in an elimination of 
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slightly diffuse bands in the range between 50 and 60kDa, 
but also to a clearance of the background. Surprisingly, pre- 
adsoiption with Piil p 13 also elTected a decrease in IgB- 
reactivity with protein bands with apparent molecular 
ma.sKcs betweeji 90 and llOkDa. As expected^ no effect 
was observed on the reactivity of Phi p 4. Using both 
allergens for pre-adsorption^ complete reaction of allergen 
bands in the range of 50-60 kDa as well as a 'background 
smear' produced by smaller bands was eliminated, but 
detection of allergens between 25 and 35 kDa, correspond- 
ing to Phi p 1 and Phi p 5, was unchanged. 

It was considered that a . possible explanation for the 
dissimilar activities of Phi p 4 and Phi p 13 could be related 
to differing susceptibility to proteolysis. In order to inves- 
tigate this possibility, both allergens were incubated with 
the protease Chic-C (Fig. 5). As expected, no effect was 
observed in the case of Phi p 4, whicli is known to be 
ti7psin resistant [7]. In contrast. Phi p 13 was completely 
degraded into smaller fragments covering the range from 
50 to 10 kDa. Therefore susceptibility to proteolysis was 
identified as a distinguishing featun; between the two 
allergens. 
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Fig, 3, QuafHincalioii of allergcn-speciric IgE. Sera from eight grass polJen allergic piitienJs previously characten/.ed in Fig. 2 were 
analysed for grass pollen allcriiens by ELISA measure aients. Values below 0,35. KU/l- indicate lack, of detectable specific IgE, For 
compmson* allergen sirips arc displayed on the left. 



Discussion 

In previous studies a new Mgh molecular allergen Phi p 13 
with an apparent molecular nias.s of 55-60 kDa has been 
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biochemically purified und the corresponding cDNA 
[EMBL accession no. AJ23884S) exprefwed in bacteria. 
As demonstrated by reactivily wUh monoclonal antibodies, 
this allergen was diffeiient from another high molecular 
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Fig. 4. fnhibiliojj oi" IgE-binding to nilrocellulose-blolted limotby 
grass pollen extract with purified Plil p 4 and Fhl p 13. Sirip.s 
carryiiig separaled grass extract were incubated with scrum jic. 47 
already charactCirizcd in Fig. 2 (lane I), Lancf 2 contains TgB- 
binding partem of the serum prc-adsorpcd wtlh Phi p 4. lane 3 with 
Phi p 1 3 and lane 4 with both Phi p 4/Hi1 p 13. Detection of Phi p 4 
was performed with group 4-specific mab 3C4 {lane 5). 

mass allergen designated as Phi p 4. Since both sllergeiis 
exhibit similar molecular sizes, it has been suggested that 
former studies evaluating the allergenic importance of Phi p 
4 using one dimensional SDS-PAGB indeed detected both 
Eillergens (Suck £?/ al submitted). Therefore, investigations 
were necessary to discrinnnate: between Phi p 4 and Phi p 1 3 
on the polyclontil IgE-Ieveh Since the isoelectric points of 
the two allergens differ by approximately two units with 7,5 
for Phi p 13 and 9,3 for Phi p 4 fSl, two-dimensional 
immunob lotting would represent a reasonable method 
[22]. However despite possibilities for multiple reprobing 
of blotR [23] only u iimiled number of sera could have beeji 
screened. Consequently, a novel allergen strip method 
similar to a dot blot was used for this purpose allowing 
reproducible high Throughput TgB-screening with biocheiiii- 
cally purilied allergens. This analysis revealed that Phi p 4 
and Phi p 13 displayed IgE-binding frequencies greater than 
50% with 306 sera derived from patients allergic lo grass 
pollens. Hence* both high molecular components have to be 
judged as niiijor allergens. It seems likely that previous 
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Fjg. 5* Proteolytic digestion of Phi p 4 and Phi p 13 with Glu-C. 
Arrows indicate the position of Giu-C [29]. 

investigations detccled not only Phi p 4, but in addition or 
even exclusively Phi p 13. 

Quantification of IgB-binding revealed comparable IgH- 
bindiiig capacities of Phi p 4 and Phi p 13 and in addition 
another interesting aspect. Although the IgE-reactivity of 
some sera was more or less negative for Phi p !3 by allergen 
strip detection, large amounts of specific TgE directed 
against this allergen were measured with the ELISA. A 
possible explanation for this phenonienom might be that 
different allej'gen binding mechanisms iniluence the aller- 
genicity of this molecule. Group 4 ELISA measurements 
showed diat the allergen molecules possess at least two 
different reactive XgG and IgE epito]?es [24,25], whilst TgE- 
binding was lost after two-dimensional immunob lotting 
[223- It ht^s been stiggested that Dac g 4 was denatured in 
such a way that conformational changes occurred [22J. 
Since Phi p 13 was not harshly denatured for blotting onto 
nitrocellulose membrane, it seems more likely that it is the 
nianner of the matrix that iniUiences its confoniiatton. 
Protein binding to nitrocellulose involves hydrophobic 
interaction [26], which probably effects a unidirectional 
orientation of some allergens. If this results in masking of 
epitopes which are recognized by doniinant oiigoclonal or 
even monoclonal IgE-pooIs of some sera, detection will be 
nearly hnpossible. In contrast* cyanogen bromide-activated 
paper, which was used for ELISA measurements, covalently 
binds proteins in a more random manner* This binding 
mechanism ensures for the availability of the whole epitope 
spectrum. Consequently, the number of sera possessing 
specific IgE against Phi p 13 should be even higher than 
50,3% if screening were to be conducted throughout using 
the ELISA system. 
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Enhibitioa experiiiients were performed to investigate 
whether Phi p 4 and Phi p 13 represent the whole high 
molecular mnss aJIcrnen toctioii. Since pj-e-incubaTion of 
seixini with both allergen.s conipleteiy eliminated IgE-reac- 
rivtty in the range of 50-60 kDa, it is hkely that thi^; fraclioii 
is composed of only two allergens. Differences in the 
inimunostaiuing intensity between Phi p 4 and Phi p 13 
might be due to different proteolytic .sensitivity. Group 4 
allergens are known to be resiscent against proteolytic attack 
[7], similar to Phi p 1 [26,27]. Thus, intact moiecole.s thai 
were focimed sharply after SDvS-PAGB were avfniabie for 
IgE-binding. In contrast, Phi p 13 was degraded rapidly with 
GhJ-C ajKl Lys-C (not shown). AKSuming proteolytic activ- 
ity \\\ timothy grass polJejii extract, for example group 1 
allergens are thought to possess a cysteine proteitiase func- 
tion [28], Phi p 13 is a potential target for degradation. If this 
is the case it would explain why pre- incubation of sera with 
Phi p 13 resulted not only in the inhibition of the double 
band, but also in a decrease of background staining, assunv 
nig the smaller bands generating this background reaction 
are derived irom Phi p 13. If this hypothesis is correct then 
precaution;? ai-e necessary to protect Phi p 13 during and 
after extraction of pollens agaiast proteolysis, Pi'eincubation 
of sera with Phi p 13 aLso inhibited TgH-binding to very high 
molecular niass bands. Since Ph! p 13 seems to be highly 
glycosylated (Suck ei aL submitted), this effect might be 
due to IgE cross-reaclivity between carbohydrate determi- 
nants [30,31], assuming glycosylation of these bands. 
... Another aspect to consider is tl^e possible different 
extentfi of glycosylation of Phi p 4 and Phi p 13. Since 
many glycoproteins behave anomalously when SDS and 
thiol Teagent are in excess [26], it i,s probable that the highly 
glycosylated Phi p 13 was not as sharply focused as Phi p 4 
after SOS-PAGE, In this case, broadening of the bands 
would result in less uitensive staining compared with Phi p 
4, though equal amounts of allergen specific TgE and IgE- 
binding capacity were determined. 
In summary, the data presented in this study clearly 
/clemonsiraie ihai both Phi p 4 and Phi p !3 belong to the 
ma jor allergens q[ Fhleum pralense. Since separation of Phi 
p 4 and Phi p 13 by one dimensional £>DS-PAGE is difficuU 
to achieve and Phi p 13 is weakly immunosiained, il 
becomes clear why the in^porlant new allergen Phi p 13 
has not been recognized until now. 
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TEDDY S. GRON, TONI R. SCHEINER, ERIC GRIMES, and 
NANCY J. LINCK, Administrative Patent Judges. 

LINCK, Administrative Patent Judge. 

DECISION ON APPEAL 
This is a 35 U.S.C. § 134 appeal in the above-referenced case.^ 
We have jurisdiction under 35 U.S.C. § 6(b). We affirm. 



' The application was filed September 20, 2000. The real party in interest is 
bnmunex Corporation, a wholly owned subsidiary of Amgen Inc. 
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STATEMENT OF THE CASE 
The field of the invention is polynucleotides encoding NK (natural 
killer) Cell Activation Inducing Ligand (''NAIL") polypeptides. 
(Specification ("Spec") L) NK cells play a role in the "early, innate 
immune system" and "appear to be closely related to T cells." (Id,) Like T 
cells, the immune response of NK cells "involves direct cytotoxicity and 
production of various cytokines" that stimulate the immune system. (M at 
3.) 

"NK cells have been implicated as mediators of host defenses against 
infection in humans with varicella zoster, herpes simplex, cytomegalovirus, 
Epstein-Barr virus, hepatitis B, and hepatitis C viruses." (Id, at 3.) They 
also are "involved in both resistance to and control of cancer spread," 
including leukemia {id, at 3) and "play a . . , role in bone marrow transplant 
rejection, as well as solid organ transplant rejection." {Id, at 4.) Thus, 
"depletion of NK cells can result in a decreased resistance to target tissue 
infection by viruses." {Id. at 2.) Finally, "a number of human 
lymphoproliferative disorders of NK cells are known." (M) "With the 
function of NK cells so important in this variety of physiological responses, 
there is a need in the art for methods of controlling NK ftinction." {Id.) 

NAIL is a cell surface marker, or receptor, on the surface of NK cells 
that modulates the activity of NK cells. {See id. at 2,) Thus, modulation of 
NAIL activity would be expected to modulate NK cell ftinction, thereby 
stimulating or inhibiting the immune response. 

"CD48 is a membrane glycoprotein found on cells of hematopoietic 
origin." {Id. at 6.) "cDNA clones for CD48 have been isolated" aud the 
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^'nucleotide and amino acid sequences of CD48 are known/* (Id) 

Antibodies to CD48 appear to suppress cell mediated immunity. (Id. at 6-7,) 

"The identification of CD48 as a NAIL counter-structure . . . allows the 

generation of molecules that can modulate the activation of NK . . . cells." 

(Id, at 45.) Thus, the determination of binding to CD48 potentially provides 

a usefiil tool to identify active variants of NAIL. (See, e.g.^ claim 73.) 

The claimed subject matter is reflected in representative claim 73:^ 

73- An isolated nucleic acid molecule comprising a polynucleotide 
encoding a polypeptide at least 80% identical to amino acids 22-221 of SEQ 
ID NO:2, wherein the polypeptide binds CD48- 

The Examiner has rejected claims 73-78 and 80-89 under 35 U.S.C. 
§ 103(a) over the combined teachings of Valiante et al., U.S. Patent No, 
5,688,690 (issued Nov. 18, 1997) ("Valiante"); Sambrook et al. Molecular 
Cloning: A Laboratory Manual^ 2 Edition, 2.43-2.84 (Cold Spring Harbor, 
N.Y* 1989) ("Sambrook'');^ and Porunelloor Mathew et al., Cloning and 
Characterization of the 2B4 Gene Encoding a Molecule Associated with 
Non-^MHC-Restricted Killing Mediated by Activated Natural Killer Cells 
andT Cells, 151 J. IMMUNOL., 5328-5337 (1993) ("Mathew")."^ 

The Examiner also has rejected claims 73, 74, 80, and 84-89 under 
35 U.S.C. § 1 12, ^ 1, for lack of enablement and written description. 



^ Appellants do not separately argue the claims. Thus, we address each issue 
with reference to claim 73. 

^ We note Sambrook is incorporated by reference in Valiante (col. 7, 11. 55- 
57). 

^ This reference is referred to as "Porunelloor" by the Examiner and 
Appellants. 
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OBVIOUSNESS UNDER § 103(a) 

The § 103(a) Issue 

The Examiner contends the skilled artisan would have been motivated 
to isolate the nucleic acid sequence corresponding to NAIL, based on 
Valiante's disclosure of p38 (which is the same protein as NAIL) and 
Valiante's express teachings how to isolate p38 cDNA by using 
conventional techniques, such as taught in Sambrook, including using mAb 
CL7, a probe specific for p38. (Answer 1 1-16.) 

Appellants contend: "As in Deuel, it is not proper for the Office to 
use the p38 protein identified in the '690 patent [Valiante] together with the 
methods such as those described in Sambrook et al. to reject claims drawn to 
specific sequences/' (Br, 19 (citing In re Deuel, 51 F3d 1552, 34 USPQ2d 
1210 (Fed Cir. 1995).) 

We frame the § 103(a) issue: Would Appellants' claimed nucleotide 
sequence have been obvious to one of ordinary skill in the art, based on 
Valiante^s disclosure of p38 and his express teachings how to isolate its 
cDNA by conventional techniques? 
Findings of Fact Relating to Obviousness 

1 . Valiante's p38 protein is a 38kd molecule recognized by mAb 
CL7, and is the same protein as Appellants' NAIL, "formerly known as 
CL7," (Spec, 10: 29-30, 5^66 a/50 Answer 14; Spec. 11: 4.) 

2, Valiante expressly teaches through a prophetic example how to 
■^Isolatte] the cDNA clone by using [mAb] CL7, screening the protein 
expression in the cell transfected with the cDNA library and cloning a 
corresponding cDNA into a plasmid for sequencing.^' (Answer 12 (citing 
Valiante, col. 7, L 48 through coL 8, L 7 & example 12, cols. 18-19).) 
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3. Valiante does not disclose the sequence of p38 recognized by mAb 
CL7 or the DNA encoding p38. {See Valiante passim; Answer 12,) 

4. The DNA and protein sequences of p38, and thus NAIL, could 
have been obtained by conventional methodologies, such as those taught by 
Sambrook. (Valiante, coL 7, L 48 to col 8, L 7; see also Answer 12,) 

5. Sambrook is incorporated by reference in Valiante* (CoL 7, 11, 
55-57.) 

6. Mathews* cell surface signaling molecule, 264, is the mouse 
version of Valiante's pSS, the human version. (Answer 15.) 

7. Mathews cloned the gene encoding 2B4 and determined its 
nucleotide sequence, (Mathews at 5328 (Abstract).) 

8. The relevant teachings in Mathews are cumulative to the teachings 
in Valiante and Sambrook and merely are exemplary of how routine skill in 
the art can be utilized to clone and sequence the cDNA of a similar 
polypeptide, (i^ee Answer 15.) 

9. Appellants employed conventional methods, "such as those 
outlined in Sambrook," to isolate a cDNA encoding NAIL and determine the 
cDNA^s full nucleotide sequence (SEQ NOS: 1 & 3), (Spec, 10: 29 to 13: 7; 
Spec. 16: 40 to 17: 1; Spec. 65 (Example 1)0 

10. Appellants' claimed polynucleotide is "isolated from [a] cDNA 
library , * . using the commercial monoclonal antibody C1.7 . , . disclosed by 
Valiante." (Answer 13. See also Spec. 65: 17-32,) 

1 L As acknowledged by Appellants, "the level of skill in the art is 
high." (Br. 11 (citing In re Wands, 858 F,2d 731, 740, 8 USPQ2d 1400, 
1404 (Fed. Cir, 1988)0 
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12. The state of the art had unquestionably advanced significantly 
during the ten year period between the time the Deuel application was filed 
in 1990 and Appellants' application was filed in 2000. See In re Wallach^ 
378 F.3d 1330, 1333, 71 USPQ2d 1939, 1942 (Fed. Cir. 2004). 

13. As acknowledged by Appellants, "methods of making the claimed 
nucleic acid sequences ... are known." (Br, 1 1 (citing Wands^ 858 F.2d at 
740). See also Br. 3 ("isolation of clones is well known in the art")*) 

14, Valiante's disclosure of the polypeptide p38, and a detailed 
method of isolating its DNA, including disclosure of a specific probe to do 
so, i.e., mAb CI. 7, established Valiante's possession of p38's amino acid 
sequence and provided a reasonable expectation of success in obtaining a 
polynucleotide encoding pSS, a polynucleotide within the scope of 
Appellants" claim 73, {See Valiante, col 1, L 48 to coL 8, L 7.) 

15, As recently clarified by the Federal Circuit, possession of the 
cDNA encoding NAIL also provided possession of its nucleic acid sequence, 
i.e., ^Its identity," In re CrisK 393 F.3d 1253, 1258, 73 USPQ2d 1364, 
1368 (Fed. Cir. 2004). 

16- One of ordinary skill in the art would have had a reasonable 
likelihood of success that he or she would have been able to obtain the 
nucleotide encoding NAIL using conventional methods, such as disclosed in 
Valiante. {See col 7, 1. 48 to coL 8, L 33.) 

17. NAIL is "a signal transduction surface molecule (p38) expressed 
by virtually all human NK cells" and thus plays a role in the immune 
response. (Valiante, col, 2, 1. 65 to col. 3, 1. 40.) 

18. Thus, one of ordinary skill in the art would have recognized the 
value of isolating NAIL cDNA, and would have been motivated to apply 
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conventional methodologies, such as those disclosed in Sambrook and 
utilized in Valiante, to do so. {See, e.^., Valiante, coL 7, L 48 to col, 8, L 33.) 
See Aha Corp, v, Mylan Labs, 464 F.3d 1286, 1289, 80 USPQ2d 1001, 
1003 (Fed. Cir, 2006) ("'The presence or absence of a motivation to 
combine references in an obviousness determination is a pure question of 
fact/ In re Gartside, 203 F.3d 1305, 1316, 53 USPQ2d 1769, 1776 (Fed 
Cir, 2000).'0. 

Discussion of the § 103(a) Issue 

Based on our findings and those of the Examiner, at least one of 
Appellants' claimed polynucleotides would have been obvious to one of 
ordinary skill in the art at the time Appellants' invention was made. 
Regardless of some factual similarities between Dewe/ and this case, Deuel 
is not controlling and thus does not stand in the way of our conclusion, given 
the increased level of skill in the art and the factual differences. See In re 
WallacK 378 F3d 1330, 1334, 71 USPQ2d 1939, 1942 (Fed Cir. 2004) 
("state of the art has developed [since] In re Deuer}. 

Appellants argue the *^*cited references do not provide an adequate 
written description of the claimed nucleic acid sequences/' (Reply Br, 18 
(citing ^c?e//e v, Lederman, 355 FJd 1343, 69 USFQ2d 1508 (Fed Cir, 
2004)), In so arguing. Appellants overlook the distinction between 
obviousness under § 103 and lack of written description under § 112, § 1. 
A single, obvious species within a claimed genus renders the claimed genus 
unpatentable under § 103. Thus, an obvious method of obtaining a single 
nucleic acid molecule encoding NAIL may be all that is required to show 
that the presently claimed geni^ of nucleic acid molecules is unpatentable 
under § 103, In contrast, as discussed infra (see pp. 15-17), the description 
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of a single species within a claimed genus may not be sufficient to support 
the patentability of the genus under § 112, Tf 1. See University of California 
V. Eli Lilly cfe Co., 119 vSd 1559, 1567, 43 USPQ2d 1398, 1405 (Fed Cir, 
1997) (noting the court earlier held "a description which renders obvious a 
claimed invention is not sufficient to satisfy the written description 
requirement of that invention" and in this case holding disclosure of a 
species did not provide adequate written description of a genus). Cf Eli 
Lilly & Co. V. BarrLabs, 251 F.2d 955, 971, 58 USPQ2d 1869, 1880 (Fed, 
Cir, 2001) ("later genus claim limitation is anticipated by, and therefore not 
patentably distinct from, an earlier species claim"). 

With respect to the written description requirement, while '"^examples 
explicitly covering the full scope of the claim language" typically will not be 
required, a sufficient number of representative species must be included "to 
demonstrate that the patentee possessed the full scope of the [claimed] 
invention*" Lizardtech, Inc. v. Earth Resource Mapping, Inc, 424 F.3d 
1336, 1345, 76 USPQ2d 1724, 1732 (Fed Cir. 2005). Thus, Appellants' 
argument based on alleged lack of written description in the cited prior art is 
unavailing. 

Appellants heavily rely onDeueL {See, e,g.^ Br* 19-) To the extent 
Deuel is considered relevant to this case, we note the Supreme Court 
recently cast doubt on the viability Deuel to the extent the Federal Circuit 
rejected an ''obvious to try" test. See KSR Intl Co, v. Teleflex Inc., 127 

S.Ct 1727, , 82 USPQ2d 1385, 1394, 1396 (2007) (citing D^we/, 51 F3d 

at 1 559)* Under KSR^ it's now apparent "obvious to try" may be an 
appropriate test in more situations than we previously contemplated. 
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When there is motivation 

to solve a problem and there are a finite number of identified, 
predictable solutions, a person of ordinary skill has good 
reason to pursue the known options within his or her 
technical grasp. If this leads to anticipated success^ it is 
likely the product not of innovation but of ordinary skill and 
common sense. In that instance the fact that a combination 
was obvious to try might show that it was obvious under 
§103. 

KSRIntl Co. V, Telefiexlnc, 111 S, Ct 1727, , 82 USPQ2d 1385, 1397 

(2007). This reasoning is applicable here. The "problem" facing those in 
the art was to isolate NAIL cDNA, and there were a limited number of 
methodologies available to do so. The skilled artisan would have had reason 
to try these methodologies with the reasonable expectation that at least one 
would be successful. Thus, isolating NAIL cDNA was *^*the product not of 
innovation but of ordinary skill and common sense," leading us to conclude 
NAIL cDNA is not patentable as it would have been obvious to isolate it. 

Appellants also argue lack of motivation to combine the cited 
references. (Bn 20-22; Reply Br, 19-21.) Motivation to combine references 
"may be found in implicit factors, such as 'knowledge of one of ordinary 
skill in the art, and [what] the nature of the problem to be solved as a whole 
would have suggested to those of ordinary skill in the art'." Aha Corp, v. 
Mylan Labs., 464 F.3d 1286, 1291, 80 USPQ2d 1001, 1004 (Fed. Cir. 2006) 
(quoting In re Kahn, 441 F.3d 977, 988, 78 USPQ2d 1329, 1337 (Fed. Cir, 

2006)). See also KSR, 127 S. Ct at , 82 USPQ2d at 1396 (citing with 

approval In re Kahn, 441 F.3d at 988, 78 USPQ2d at 1336). 

More specifically, Appellants argue Mathews "teaches that a human 
homolog is not expressed," and thus "a person of skill in the art would not 
be motivated to combine" Mathews with Valiante. (Reply Br. 2L) 
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Appellants support this argument by quoting from Mathews: "Genomic 
Southem blots identified a human homologue of the 2B4 gene. However, 
RNA blot analysis of total RNA isolated from human NK cells suggests that 
2B4 gene is not expressed in humans." (Mathews, at 5333, coL L) 

Rather than teaching away from the combination, as Appellants argue, 
this language merely indicates conflicting data existed regarding a 2B4 
homolog in humans, with some data pointing to the existence of a human 
homolog, (See id) The quoted language would not have deterred the skilled 
artisan from obtaining the cDNA corresponding to Valiante's p38, as taught 
by Valiante, i.e., "from following the path set out in the reference," In re 
Gurley, 27 F3d 551, 553, 31 USPQ2d 1130, 1131 (Fed Cir. 1994), quoted 
with approval in In re Kahn, 441 F3d 977, 990, 78 USPQ2d 1329, 1338 
(Fed. Cir, 2006). Moreover, Appellants miscomprehend the value of 
Mathews, Mathews exemplifies how the cDNA encoding 284, the mouse 
version of Valiante's p38 expressed on all NK cells, can be isolated and 
sequenced, (See Mathews at 5328 (Abstract).) Thus, the teachings of 
Mathews, when considered as a whole, support the Examiner's § 103 ground 
of rejection, 

PATENTABILITY UNDER § 1 12, ^ 1 
The Enablement Issue 

The Examiner found lack of enablement due to the "at least 80% 
identity language," in the absence of any working examples, other than SEQ 
ID NOS:l and 2. He cites examples in the literature in which very small 
changes in sequence, even one amino acid, yield a different function. 
(Answer 3-6,) 
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Appellants respond: *'The Office*s reasoning ignores the many 
references that positively demonstrate that proteins can be mutated and 
maintain a biological function*" (Reply Br. 4 (citing numerous publications 
in support).) Moreover, "the specification provides extensive guidance for 
creating and screening mutants" (Reply Br. 5) in that it "teaches in detail 
how to: 1) make variants of SEQ ID NOs: 1 and 2; 2) calculate the percent 
identity between SEQ ID NOs: 1 and 2 and the variant sequence; and 3) test 
the variant sequence to determine if it binds to CD48" (Br, 11; Reply Br, 6), 
Thus J according to Appellants only routine experimentation would be 
required to practice the claimed invention. (Reply Br. 9.) 

In view of these conflicting positions, we frame the enablement issue 
as follows: Considering the relevant Wands factors^ including the prior art 
teachings cited by the Examiner and Appellante to establish the level of 
predictability in the relevant art, would undue experimentation have been 
required to practice the full scope of claim 73? 
The Written Description Issue 

The Examiner bases his written description rejection on the same 
claim language as the enablement rejection, i.e,, *%t least 80% identity/' and 
finds Appellants' disclosed sequences inadequate to show "possesion of 
their claimed genus. (Answer 9 (citing University of California v, Eli Lilly 
& Co., 119 F.3d 1559, 43 USPQ2d 1398 (Fed Cir. 1997)0 

In response. Appellants contend (1) Lilly can be distinguished on its 
facts and (2) the Examiner's position is inconsistent with Example 14 in the 
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Office's "Synopsis of Application of Written Description Guidelines"^ 
(hereafter ^"^Synopsis^') (www.uspto.gov/web/patents/guides.htm), an 
example which contains "analysis of [a] claim that is highly similar to the 
claims at issue." (Reply Br. 13.) 

In view of the above, we frame the written description issue: Does 
Appellants' Specification contain a written description sufficient to show 
they had possession of the full scope of their claimed invention at the time 
the application was filed, as required by Federal Circuit precedent? 
Findings of Fact Relating to § 112, ^ 1 

19. Claim 73 is limited to isolated polynucleotides encoding 
polypeptides (1) which are "at least 80% identical to amino acids 22-221 of 
SEQ ID NO:2" (the amino acid sequence for the extracellular domain of 
NAIL without the signal sequence), and (2) which bind CD48. (See claim 
73; Spec. 13: 9-18,) 

20. TTie Specification provides two working examples within the 
scope of claim 73, i.e., a DNA encoding NAIL (SEQ ID NO: 1) and NAIL's 
coding sequence with accompanying upstream and downstream noncoding 
sequences (SEQ ID NO: 3). SEQ ID NOs: 1 and 3 both encode the amino 
acid sequence of SEQ ID NO: 2. (Spec, 10: 29 to 13: 7; Spec. 16: 40 to 17: 
1; Spec, 65 (Example 1),) 

21. The Specification also discloses the amino acid sequences for 
three fusion proteins (SEQ ID NOs: 6, 7, & 8) whose nucleotide sequences 
would fall within the scope of claim 73, (Spec. 25: 30 to 33: 9.) 



^ Guidelines for Examination of Patent Applications Under the 35 U.S*C. 
1 12, Tl 1 "Written Description" Requirement, 66 Fed. Reg. 1099 (Jan,5, 
2001) {'"^Written Description Guidelines''^), 
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22. The Specification does not disclose any variants in which the 
nucleotide sequence encoding amino acids 22-221 of SEQ ID NO:2 is 
varied. {Spec. passim.) 

23. Thus, the Specification does not disclose "which 20% * . . of 
amino acid residues should be changed in order to maintain the biological 
fimctions for binding to CD48.'^ (Answer 5.) 

24. The Specification "teaches in detail how to: 1) make variants of 
SEQ ID NOs: 1 and 2; 2) calculate the percent identity between SEQ ID 
NOs: 1 and 2 and the variant sequence; and 3) test the variant sequence to 
determine if it binds to CD48," (Br. 1 1 ; Reply Br. 6.) 

25. The Specification does not disclose a correlation between 
function (binding to CD48) and structure responsible for binding to CD48 
(other than the entire extracellular domain) such that the skilled artisan 
would have known what modifications could be made of the very large 
number of modifications potentially encompassed by claim 73 without 
losing function. (See Spec, passim; Answer 10*) 

26. At the time Appellants' application was filed, molecular biology 
was generally an unpredictable art, as evidenced by the references cited by 
the Examiner. (Answer 4 (citing Robin E. Callard & Andy J.H. Gearing, 
The Cytokine FactsBook 188-89 (Academic Press 1994); Struyf et al., 
Natural truncation ofRANTES abolishes signaling through the CC 
chemokine receptors CCRl and CCR3, impairs its chemotactic potency and 
generates a CC chemokine inhibitor^ 28 Eur. J. Immunol. 1262-71 (1998); & 
Proudfoot et al, U.S. Patent 6,159,71 1 (Dec. 12, 2000),) 
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27- At the time Appellants* application was filed, the level of skill in 
the relevant art (molecular biology) was high, as acknowledged by 
Appellants. (Br. 11.) 

28. "[MJethods of making the claimed nucleic acid sequences and 
screening for activity [were] known in the art and described in the 
specification*" (Br. 11-12*) 

29. The "experimentation involved to produce other sequences within 
the scope of the claims" and thus to practice the fiill scope of claim 73, 
would have been *'well within the skill of those in the art" (Br. 12) and thus 
would have been routine. 

30. One of ordinary skill in the art would not have been required to 
perform undue experimentation to practice the invention of claim 73. 
Discussion of the Enablement Issue 

In making the above findings, we have considered the relevant Wands 
factors in light of the prior art teachings relied upon by the Examiner and 
Appellants, and the relevant caselaw. We agree with the Examiner that 
molecular biology is generally an unpredictable art (and thus was so at the 
time the application was filed). However, with respect to enablement, the 
other Wands factors weigh in Appellants' favor, particularly '*the state of the 
art" and "the relative skill of those in the art," In re Wands, 858 F.2d 731, 
736, 8 USPQ2d 1400, 1404 (Fed, Cir. 1988), as evidenced by the prior art 
teachings and Appellants' Specification, 

The amount of experimentation to practice the full scope of the 
claimed invention might have been extensive, but it would have been 
routine. The techniques necessary to do so were well known to those skilled 
in the art* See, e.g., Johns Hopkins Univ. v. Cellpro, Inc^ 152 F. 3d 1342, 
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1360, 47 USPQ2d 1705, 1719 (Fed. Cir. 1998) ("test [for undue 
escperimentation] is not merely quantitative ... if it is merely routine"). A 
"patent need not teach, and preferably omits, what is well known in the art." 
Hybritech Inc. v. Monoclonal Antibodies, Inc., 802 F.2d 1367, 1384, 231 
USPQ 81, 94 (Fed. Cir. 1986). Thus, we conclude the Specification would 
have enabled the full scope of claim 73. 
Discussion of the Written Description Issue 

In spite of concluding claim 73 would have been enabled, Federal 
Circuit caselaw compels us to find the written description requirement is not 
met. See generally, e.g., University of Rochester v. G.D. Searle & Co., 358 
F.3d 916, 69 USPQ2d 1886 (Fed. Cir. 2004); Enzo Biochem. Inc. v. Gen- 
Probe Inc., 323 F.3d 956, 63 USPQ2d 1609 (Fed. Cir. 2002); University of 
California v. Eli Lilly iSc Co., 119 F.3d 1559, 43 USPQ2d 1398 (Fed, Ck. 
1997); Fiers v. Revel, 984 F.2d 1164, 25 USPQ2d 1601 (Fed. Cir. 1993). 

"Although there is often significant overlap" between the enablement 
and written description requirements, "they are nonetheless independent of 
each other." University of Rochester, 358 F.3d at 921, 69 USPQ2d at 1891 . 
An "invention may be enabled even though it has not been described." Id. 
Such is the situation here. While we conclude one skilled in the art would 
have been able to make and use the full scope of claim 73 through routine 
experimentation, we find Appellants did not describe the invention of claim 
73 sufficiently to show they had possession of the claimed genus of nucleic 
acids. See, e.g., Noelle v. Lederman, 355 F.3d 1343, 1348, 69 USPQ2d 
1508, 1513 (Fed. Cir. 2004) ("mvention is, for purposes of the 'written 
description' inquiry, whatever is now claimed'). 
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Claim 73 is to a genus of polynucleotides encoding polypeptides "at 
least 80% identical to amino acids 22-221 of SEQ ID NO:2" which bind to 
CD48. Sufficient description to show possession of such a genus "may be 
achieved by means of a recitation of a representative number of cDNAs, 
defined by nucleotide sequence^ falling within the scope of the genus or of a 
recitation of structural features common to members of the genus, which 
features constitute a substantial portion of the genus." Eli Lilly, 119 F3d at 
1568, 43 USPQ2d at 1406* Possession may not be shown by merely 
describing how to obtain possession of members of the claimed genus or 
how to identify their common structural features. See University of 
Rochester, 358 F3d at 927, 69 USPQ2d at 1895. 

In this case J Appellants have sequenced two nucleic acids falling 
within the scope of claim 73 and three fusion proteins whose nucleotide 
sequences would fall within the scope of claim 73. None of these sequences 
varies amino acids 22-221 of NAIL, and thus these sequences are not 
representative of the genus. 

Appellants also have described how to make and test other sequences 
within claim 73 sufficiently to satisfy the enablement requirement. 
However, they have not described what domains of those sequences are 
correlated with the required binding to CD48, and thus have not described 
which of NAIL'S amino acids can be varied and still mamtain binding. 
Thus, under Lilly and its progeny, their Specification would not have shown 
possession of a sufficient number of sequences falling within their 
potentially large genus to establish possession of their claimed genus, Cf 
Emo, 323 F3d at 964, 63 USPQ2d at 1612 ("if the functional characteristic 
of . . . binding to [CD48] were coupled with a disclosed correlation between 
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that function and a structure that is sufficiently known or disclosed," the 
written description requirement may be met). 

Without a correlation between structure and function, the claim does 
little more than define the claimed invention by function. That is not 
sufficient to satisfy the written description requirement. See Eli Lilly ^ 119 
F3d at 1568, 43 USPQ2d at 1406 ^definition by fimction does not 
suffice to define the genus becai^e it is only an indication of what the gene 
does, rather than what it is"). 

With respect to Appellants' reliance on hypothetical Example 14 m 
the Office's Synopsis^ "[c]ompliance with the written description 
requirement is essentially a fact-based inquiry that will 'necessarily vary 
depending on the nature of the invention claimed/" Vas-Cath Ina v. 
Mahurkar, 935 F,2d 1555, 1563, 19 USPQ2d 1111, 1117 (Fed. Cir. 1991) 
(quoting /w re DiLeom, 436 F,2d 1404, 1405, 168 USPQ 592, 593 (CCPA 
1971)), quoted with approval in Emo, 323 F3d at 963, 63 USPQ2d at 1612, 
While the Written Description Guidelines and the hypothetical examples in 
the Office's Synopsis can be helpful in understanding how to apply the 
relevant law (as it existed in 2001 when the Guidelines were adopted), they 
do not create a rigid test. 

Based on the above, we find the written description requirement of 
§ 1 12, f 1, is not met, 

CONCLUSION 
In summary, with respect to claim 73, we affirm the § 103(a) 
rejection, reverse the § 1 12, ^ 1, enablement rejection, and affirm the § 1 12, 
^ 1, written description rejection* 
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Pursuant to § 41.37(c)(l)(vii)(2006), we also affirai the rejection of 
claims 74-78 and 80-89 under § 103(a); reverse the § 1 12, ^ 1, enablement 
rejection of claims 74, 80, and 84-89; and affirm the § 1 12, *j| 1, written 
description rejection of claims 74, 80, and 84-89, as these claims were not 
argued separately. 

No time period for taking any subsequent action in connection with 
this appeal may be extended under 37 C.F.R. § 1.136(a)(l)(iv)(2006). 

AFFIRMED 
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